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AERONA~ICS

NUMBERONTHE

THREEBOMB

FINS

TestshavebeenmadeintheLsngleyg-inchsupersonictunnelof
threebombor storeshapeswithoutfinsad withtwosetsof cruciform
fins. Theseinvestigationsweremadeat a Machnumberof 1.62 atReynolds
numbersfrom0.40x 106to 9.70 x 106,basedon theclosedbodylengths.
Themsximumangle-of-attackrangewasfrom-4°to 10°. Measurementsof
normalforce,chordforce,andpitchingmomentweremade;smalysesof
theeffectsof angleofattackandReynoldsnumberupontheseqwtities

* andalsouponcenter-of-pressurepositionandfineffectivenessare
presented.

.
Theresultsindicatedthattheconfigurationshavinga fineness

ratioof 8.6 withsmallfinsandtheconfigurationshavingfinenessratios
of 5, 7, and8.6 with large ftiswerestatic- stableabouta typical
center-of-gravitypositionat 45percentoftheclosedbodylengthat
allanglesofattackandat aid-testReynoldsnumbers.Also,theresults
showedthatit ispossibleto designa supersonicbcmbor storeconfigura-
tionhavinga constantchangeinnormal-forcecoefficientwithangleof
attackor center-of-pressurepositionorbothforanglesof attacknear
0° andforReynoldsnumbersoftheorderof

INTRODUCTION

OneoftheDrOblemSthatisassociated

3 x 106andgreater.

withthedevelopmentof
supersonicserviceaircraftistheproperdesignofeitherthebombsor

9 stores,orboth,thatmaybe carriedbytheaircraft.In suchdesign,
considerationmustbe givento theaerodynamiccharacteristicsofthe
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isolatedbombsor stores.Thesecharacteristicsareimportantinthe e
determinationofthemutualinterferenceeffectsof anexternallymounted
bombor storeandtheaircrtit,aswellas inthedeterminationofthe
breakawaycharacteristicsandtrajectoriesofbombswhetherreleased .
frm internal,semiefiernal,orexternallocations.

Whenstaticwind-tunneltestwof storesmounted%eneathwingsor
fuselagesaremade,orwhendynamicwind-tunnelteststo studythebcmb
breakawaycharacteristicsar6made,themodelsusedareusuallylimited
in sizeand,hence~ operateatverylowReynoldsn~h-ers.Thepurpose
ofthesetestswasto obtaintheaeroi@amiccharacteristicsof store
orbonibconfigurationsofthreefinenessratiosatReynoldsnumbers
encounteredinthebonib-dropinvestigationsconducted.intheLangley
9-inchsupersonictunnelandto determinethevariationoftheaerodynamic
characteristicswithfurtherincreasesinReynoldsniihber.Thesetests
were,madeat M = 1.62 .and”covera ReynoldsnurherrangefromO.@ x 106
to 9.68x 106,basedon closedbodylen@h. I?ormalforces,chordforces,
andpitchingmomentswereobtainedforthebodieswithfinsoftwodif.
ferentplanformsandwithoutfinsat anglesofattackfrom-4°to10°.
Schlierenphotographsweretakento aidin.,theanalysisofthedata.

SYMBOLS-

B configuration

BF configurateon

c chordforce

of bodyalone —— z

ofbodyandfins
.
-._-—

cc chord-forcecoefficientwithbasepressureconvertedtofree-
stresmstaticpressure,Netchordforce/qS

()cc o chord-forcecoefficientat a = 0° .—

% pitching-momentcoefficient,(Seefig.l(a)forpitching-
momentreferences),Pitchingmoment/qSZ

~=Q$?l

(%)c
o

C&at’ cz=OO.

●

✎ ✍�
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. CN normal-forcecoefficient,Normalforce/qS

Normalforce
. %’ = ~%

&N
tia=g

(%)co

d

z

Z/d

M

N

P
k

s

x

a

c% ata= 00

maximumbodydianeter

closedbodylength(8.uo in.)

finenessratioof closedbody

free-stresmMachnumber

normalforce

pitchingmomnt

free-stresmdynamicpressure

testReynoldsnmiber,basedon closedbodylength

msximmbodycross-sectionalarea

exposedplan-formareaoftwofins

center-of-pressurepositionrelative
rearward

angleofattack

WPmmusANDmm’s

WindTunnel

3

1

tonoseofmodel,positive

N

ldltestsweremadeintheLsngley9-inchsupersonictumnel.The
tunnelisa continuous-operatim,complete-retuxntypeinwhichthe

.
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pressuremaybe variedandcontrolledfromabout1/10atmosphereto d
about4 atmospheresstagnationpressure.Temperatureandhumiditycondi.
tionsmayalsobe variedandcontrolled.TheMachnumberisvariedby
interchangingnozzleblockswhichformtestsectionsapproximately .
9 inchessquare.A schlierensystemisprovidedforqualitativevisual-
flowobservations. —

ModelDescription

Thedimensionsanddesignationsofthevsriousmodelstestedare
giveninfigure1. Eachofthebodiesofmodels1 and2 consistedof
twotangentialcirculararcsof revolutionsoselectedthatthebodies
wouldhavefinenessratiosof 5 and7,respectively,withthemaximum
bodydi~ters at40percentoftheclosedbodylength.Model3 isa
0.045-scalemodeloftheDouglasAircrsftCompanystore(seeref.1)
withthemaximumbodydiameterat 40percentlength.Theflnplanform
ofmodel3 wasalsoutilizedinmodels1 and2 (seefig.l(b))andis
referredto asthe“smaller’rfinthroughoutthisreport.Thisfinplan
formwasenlargedandmodifiedsomewhatforusewithmodelsIA,2A,
and3A.

Itwasnecessarytoprovidea cutoffattherearofeachbodyto
facilitatethestingmountwhichextendedfromtheinternalbalancesto
themodelmountbehindthebody. Thebasedismetersofallmcilelswere
0.157 inch. Ingeneral,themeasureddtiensionsofthebodiesand
finswerewithin*0.005inchofthespecifieddimensionsgiveninfig- 4 .-
ure1 withtheexceptionofthebodyradiiwhichwerefoundtobe within
*0.001inch.

.
Thebodiesofthethreemodelswereconstructedofmagnesiumwfth

fourslots90°apartexbendingforwardfromthebaseinorderthatthe
finsmightbe installedor removed.Withthefinsinstalled,thefin-
bodyjuncturewasfairedwithanepoxyresinadhesive.Forthebody-
alonetests,theslotswerefilledwiththeadhesivesmdfairedto the
properbodycontour.

ModelandBalanceInstallation

Presentedinfigure2 isa drawingofthemodelandbalanceinstalla-
tion. A selectedmodelangle-of-attackreferencepointwasadjustedlat-
erallyateachtestangleofattacksothatthisreferencepointwouldbe
onthecenterlineofthetunnel(seefig.2). Thiswasdoneinaneffort
to utilizea longermodelfora giventunnelwidthandMachnumberwith-
outthereflectionsofthedisturbancefromthemodelnoseintersecting

—

thesfterportionsofthemodelorfins. Itwasnoted,however,that 3“



NACARM L53D27 ---
5

S thereflectedshocksdidintersectthetipsofthetailfinsofmodels1
andIA atthelowestReynoldsnmber ofthetests.An opticalsngle-of-
attacksystemwasusedinconjunctiontitha l/16-inch-diametermirror
onthesurfaceofeachmodel;correctionsweremadefortheeffectsof
theglasswindowupontheindicatedanglesofattack.

Threeinternalstrain-gagebalanceswereusedintheseinvestiga-
tions.Onebalancethatmeasureda maxinnmof2 poundsnormalforce
and2 inch-poundspitchingmcmentwasusedto obtainthosemeasurements

(atthelowesttestReynoldsnmber R = 0.40x 106)forelll.modelstested
andatR= 1.65x 106 fortestsofmodels1,2, and3. Forallother
measurementsofnormalforceandpitchingmoment,a similarbalance
withmaximumdesignloadsof22pounds”nomalforceand22 inch-pounds
pitchingmomentwasused. A thirdbalancecapableofmeasuring16 pounds
chordforcewasusedto obtainthechordforcesofellmodelsat alJthe
testReynoldsnumbers;simultaneously,thebasepressurewasmeasuredso
thatthebasedrsgmightbe reducedto zerointhecalculationofthe
chordforces. .

Tests

In orderto obtainthecompletenormal-force,chord-force,and
pitching-momentcharacteristicsofanyoneconfigurationthroughoutthe
entiretestReynoldsnumberrange,itwasnecessaryto interchangethe

● threeinternslstrain-gagebalancesandmakethreeseparatetestruns.

A partofthetestprogramwasdevotedto obtainingthenormal-
forcesndpitching-momentcharacteristicsofmcdels1,2, and3 at
Reynoldsnumbersof0.40x 106and1.65 x 106withboundary-layertransi-
tionartificiallyinducedby usinga transitionringinstalledabout .
1/4inchbehindthenoseofthemodels.Thisringconsistedoffine
saltcrystalssparselydistributedina singlelayerabout1/8 inchwide
andabout1/64 inchthick.

Schlierenphotographsweretskento aidintheanalysisofthe
measureddata.

PRECISIONOFDATA

Allmodelswereinitiallyreferencedwithrespecttothetunnel
wallswithin*0.04°;anglesofattackwithrespectto eachotherina
givenrunwereaccuratetowithin*O.O1°.Surveysofthetestsectionb ofthe M= 1.62 nozzlehaveshownthatthemax2mumvariationinMach

.
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numberistO.01andthat
thesemodelshasmaximum
between0°end0.25°.A

NACAIt4L53D27

theportionofthetestsectionoccupiedby .
flowinclinationsatanytestpressureof
summaryoftheestimatedrsmgeofmeximum

probableerrorsisp= sentedinthefollowingtable:– .

Model\

1

2

3

Coeffi.
cients

%cm
C(-j

c~

cm
cc

Rangeofmaximmprobableerrors

Balance1
(N= 2 lb;

P = 2 in-lb)

R= 0.4 x 106
to 1.6 X 106

0.0023to 0.0006
0.00022to o.000o~

0.0046toO.oo11
0.00043to 0.0001c
------------------

0.0069tO 0.0016
0.00064to 0.00015
------ ------ ------

Balance2
(N=22 lb;

P = 22 in-lb)
R= 1.6X106
to 9.7x 106

).0035to 0.W05
).000~to o.000o~
------------------

).0068toO.oo11
1.om58to 0.00009
--------------- ---

).0102to 0.0016
).00088tO 0.00Q14

RESULTSANDDISCUSSION

Balance3
(: ; :6X1;:6

R
to 9.; X106

.------- --------

.------- ------- - I
).0200to o.oc07]

---------------- I

).0400to 0.0015

).0604to 0.0022

Presentedinfigures3 to U arethemeasuredaerodyuemiccharac-
teristicsoftheconfigurationstested;infigure12 arepresentedthe
center-of-p~ssurepositionsatanglesofattack;infigure13 arepre-
sented~, Cc,andcenter-of-pressurepositimat cx=O” asa
functionofReynoldsnumber;infigures14and15arepresentedthe
incrementalcharacteristics(BF- B) as a functionofReynoldsnumber
ata= 00● SchlierenphotographstakenatvariousReynoldsnumbers
arepresentedinfigure16;threestinglengthswereusedto support–
model1. IntableI isa summaryofl+emeasuredaerodynamiccharac-
teristicsat u = OO.

In orderto obtainmorerealisticcenter-of-pressurepositions,
especiallyat lowanglesofattack(seefig.12),thecurvesof @ end
~ weretranslatedsothattheirincrementsat a = 0° wereremoved.
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. Theseincrementswereprimarilytheresultof
thefins.

7

inadvertentincidencein

Models1, 2, and3 WithoutFins

Measuredcharacteristicsatanglesofattack.-Forthemodelswith-
outfins(seefigs.3 to 5) C& wasconstantateachReynoldsnuniber
throughouttheangleyof-attackrangeoffrom-2°to 2°. As theangle
ofattackincreasedbeyond2°theeffectsoftheviscouscrossflowand
thelow-p~ssurerecoveryontheleesideoftheafterbodyresultedin
a low-pressureincrementontheafterbody(seeref.2) and,consequently,
an increasein ~ snd cc. Also,a rearwardshiftinthecenter-of-
pressurepositiontithincreasinga wasevidentforthethreebody
configurationsat allReynoldszuxnberswiththeexceptionofmodel3
atR= 1.65XI06 (seefig.~(a)).

Theserearwardcenter-of-pressureshifts,dueto thea@e-of-
attackeffects,beganat relativelylowanglesofattackforthe
R= O.@ x 106tests;then,as R increasedto R . 1.65‘x1.06,the
rearwardcenter-of-pressureshiftdidnotoccuruntila higherangle
ofattackwasreached.Thiswasdueto thereductionofthelsminar
separationatthehigherReynoldsnumberas indicatedinfigs.16(a),
16(b),and16(c).FurtherincreasesInReynoldsnumberresultedinthe

a rearwaficenter-of-pressureshiftoccurringat lowersinglesof attack,
probablydueto theformationoftheturbulentboundarylayeraccompanied
by a pairof synmtricallydisposedvorticesformingontheleesideof
theafterbody(seeref.2) endcontributingto thenegative-pressure
incrementassociatedwiththeviscouscrossfloweffects.

Measuredcharacteristicsat a = oO.- Thevariationof %& %>
andcenter-of-pressurepositionwithReynoldsnumberat o!= 0° are
presentedinfigure13(a).A reductionin

%
snda forwardmovement

inthecenter-of-pressurepositionwithan increaseinReynoldsnm.ber
uptoR= 2.95X106 formcdel1 and R = 5.55X106 ‘formodels2
and3 is indicated.Theselargevariationsaretheresultoftheflow
remainingattachedto thesurfaceoftheafterbodieslongeras R
increases(seefig.16(a)),therebyreduchgthelifti&pressure
incrementsusuallyassociatedwithseparatedflowovertheafterbody;
this,of course,isaccompaniedby a forwardmovementofthecenter-of-
pressureposition.Theschlierenphotographsihfigure16 indicatethat
boundary-layertransitionovertherearwardportionoftheafterbody
occursattheReynoldsnumberswherethevsriationin ~ sudcenter-k
of-pressurepositionwith R becomessmall.Furtherincreasesin R
havelittleeffectuponthesecharacteristics.
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A largevariationin Cc at a = 0° wasindicatedforallthree

bodiesas R increasedfromO.@ x 106to1.65x 106;withinthis
Reynoldsnuniberrange,thestationofflowdetachmentmovedrearward
rapidlyas R increased(seefig.16(a]) andmoreoftheafterbody
becamesubjectedtothenegativepressuresrealizedastheflowexpanded
aroundthebodycontour.Consequently,CC increasedrapidlydueto
thisincreaseinpressuredrag. lRutherincreasesin R above
R= 1.65x 106 resultedinminorincreasesin ~ dueprimsrilyto
chaugesin skinfriction.

Models1,2, and3

Measuredcharacteristicsatemglesofattack.- rnfigures6 to 8
it is shownthat,forconfigurationstested,~ and ~ werelinear
intheangle-of-attackrangeoffrcm-1°to 1°. ASwouldbe ewcted,
therateatwhich % increasedwith a keyond1°wasdependentupon
a combinationofthebcdy-alonecharacteristicsandtheblanketingeffects
ofthebodywon thefins. At aJltestReynoldsnumberswheretheresults
areavailable,~ wasagainlinearwith a atanglesofattackgreater
than6°.Ina mannersimilartotheresultsofthetestsofthebodies
withoutfins, Cc increasedwith a andthesubstitutionofthelarger
finsforthesmallerones,ingeneral,resultedina decreaseb the
ratewithwhich CC increasedwith a.

Thevariationsofthecenter-of-pressurepositionsofmodels1,2,
and3 with a (seefig.12(b))werealsodependentuponthecharacter-
isticsof themodelswithoutfinsandtheblanketingeffectsofthebd.y
uponthefins. Therearwaficenter-of-pressuremovementdueto cz was
delayedto a = 5°at R = 0.40x 106 formodel1 becauseofthelarge
regionof separatedflowwithinwhichthefinsoperated(seefig.16(d)).
Formodels2 and3,theseparatedflowblanketedsmallerportionsofthe
fins,andtherearwanlcenter-of-pressuremovementtookplaceatlower
amglesofattack(a% 2°). IncreasesinthetestReynoldsnumiberbeyond
R = 0.40x 106 reducedtheregionoflowdynsdcpressurewithinwhich
a portionofthefinsoperatedandresuitedineithersnearlierrearward
center-of-pressuremovementornomovementatall. Comparisonsofthese
results(seefig.U.(b))alsoindicatedthatthecenter-of-pressureposi-
tionsforan individualmodelatvariousReynoldsnumberstendedto
convergeatanglesofattwk ofabout10°,8°,and7°correspondingto
valuesof x/2 ofabout0.40,0.53,and0.60formodels1,2,end3,
respectively.Furtherincreasesin a hadnegligibleeffectsuponthe
center-of-pressureposition.

.

.

—

—
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Measuredcharacteristicsat a = ~o*-Showninfigure13(b)are
theresultsoftestsofmodels1,2, and3 at cz= OO. Inthecaseof

. model1, theadditionofthefinswasjustsufficientto overcomethe
reductionin %X notedinfigure13(a)formcilel1 withoutfinsbetween

R = 0.40 x 106 and R = 2.95X 106. Thismeansthat the10Ssofnormal
forcerealizedby thebodyalonedueto theflowremainingattached
longeratthehigherReynoldsnumberswasexactlysupplementedby the
additionalnormalforcegainedby theincreaseinfinareaoutsideof
theseparatedflowregion.Consequently,theincrementalnormal-force
coefficient,(CN) increasedwithReynoldsnumberwithinthis

a BF-B
Reynoldsnumberrange(seefig.n(a)). Theforwsz?dcenter-of-pressure
movementofmodel1 withoutfinswasgreatlyreducedby theadditionof
thefinsdueto theirincreaseineffectivenessas R increasedto a
VdUe of2.95X 106. FurtherincreaseoftheReynoldsnmnberto

R = 9.70x106 hadno effecton ~ formodel1 althoughthecenter-
of-pressurepositionmovedforwardfrom x/z= 0.29 tO x/z s0.23
resultingina negativeincrementof (x/z)~-B (fig-ll(a))withinthis
Reynoldsnumberrange.

Inthecaseofmodels2 and3, whichMmuch thinnerboundary
layersintheregionsoccupiedby thefinsas comparedwithmodel1,
theadditionofthefinsmorethancompensatedforthereductionof ~

. ofbody-aloneup to R = 5.55x 1($ and, therefore,~ increasedand
thecenter-of-pressurepositionmovedrearward.Furtherincreasesin R

~ andslightforwardshiftsintheresultedin smallreductionsin C.
center-of-pressureposition;consequently,theincrementalaer@pmmic
characteristicsofmodels2 and3 infigurelk(a)showedsubstantial
increasesin (%) -

~ B ad largepositiveincrementsin (X/Z)W-B

from R = 0.40 x 106 toR= 5.55 X 106,andminorvariationswtth
furtherincreasein R.

Thevariationsof Cc withReynoldsnumberformodels1, 2, and3
weresimilartO the Cc variationsofthebodiesalone(compare
figs.13(a)and13(b)).Eecausetheincrementalchord-forcecoefficients
areof suchlowmagnitudes,no analysesoftheseresultsareattempted
but remaintobe discussedingeneralalongwiththediscussionof
()ccW-B formodelsIA,2A,and3A.

.

.
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Models1, 2,

Thepurposeofthese

-mmm!m!h NACARML53D27

and3 WithArtificialTransition .

testswasto determinehowtheresultsoflow
Reynoldsnumbertestsoftheseconfigurationswithtransitioninduced
artificiallywouldcomparewiththeresultsofhighReynoldsnuniber
testsofthesameconfigurationswithnaturaltr=sition.Directcom-
parisonsoftheresultsobtainedarepresentedinfigure13(b).Also,
a summationofthesecomparativeresultsispresentedinthetableto
follow. Thepercentagedifferencein (%) (%)representsthe C o0
measuredatthelowReynoldsnumberwithartificialtransitionminusthe

(%)c measuredat R = 9.70 x 106 withnaturaltransitionasa per-
centa~eofthelatter;thedifferencein x/Z representsthedifference
inthecenter-of-pressurepositionsbetweenthatmeasuredatthelow
Reynoldsnumberwithartificialtransitionandthatmeasuredat
R =9.7OX1O6. -

Dlffrence
Model Reynolds in

number T)c% o’
Tercent

1 0.40 X106 o
2 .40 -.11
5 .40 -14

1 1.65 XI.06 -21
2- 1.65 -11
3 1.65 -3

+

Difference
in x/_l

0.15
-.03
-.07

-.09
.01

-.O1

It is shownthatforthetestsat R = 0.40x 106 thepercentagedif-
ferencein

(~) o aswell.asthedifferencein x/Z increasesnega-

tivelyasthefinenessratioticreases.Theo~ositewasapparentfor
theresultsofthetestsat R = 1.65X106. Ofthisgroupof compara-

tiveresults,onlytheresultsofmodel3 at R = 1.65 x 106 faU within
desirableaccuraciesforboth (C~)o w x/Z. Therefore,it~ybe
concludedthatthesecomparisonsindicatedno justificationfortesting
suchconfigurationstitha transitionringinstalledat..theselowReynolds
numbersandforexpectingduplicationoftheresultsobtainedathigh
Reynoldsnumberswith?m.turaltransition.Schlierenobservationsfor
model1 indicatedthatat a Reynoldsnumberof0.40x 106thetransition
ringdidnotcausetransitionor significantlyalterthedegreeof
separation.

d

.

—

.
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MOdelSIA,2A,smd3A

Measuredcharacteristicsat snglesofattack.- Theresultsoftests
ofmdels l.li,2A,and3A indicatedthattheeffectsofvsriationsin
angleofattackuponthemeasuredaerodynamiccharacteristicsweresimilar
to thoseofmodels1,2, and3 exceptthattheblanktingeffectsofthe
bodiesuponthefinswerenotas severeforthesemodelshavingthelarger-
spanfins(forinstance,ccmparefig.12(b)with12(c)).Thecenter-of-
pressurepositionsformodelsIA,2A,and3A (withthelargerfins)at
variousReynoldsnumberstendedto convergeat anglesof attackof9°,
5°,=d 3°atvaluesof x/Z of 0.57,0.66,andO.~, respectively,(see
fig.12(c)).Theseanglesofattackwerelowerthanthoseindicatedfor
themodelswiththesmallerfins,psxticularlyinthecasesofthose
utilizing the higher-fineness-ratiobodies.

Measuredcharacteristicsat a = OO.- Presentedinfigure13(c)are
themeasuredcharacteristicsat u = @ formodelsIA,2A,and3A. For
allthreemaiels,theadditionofthelargerfinsmorethaucompensated

(%)forthe10ssin C ~ withincreasesinReynoldsnmiberofthebody

alone;end (~). &creasedastheReynoldsnuniberincreasedup to

about3 x 106beyondwhichthecurveswereessentiallyflat. Thesegains
weredueto theover-sllincreaseineffectivenessofthefinsas R
increasedinthelowReynoldsnuniberrsmge;conseq-ntly, C W-B(%)
increasedwithReynoldsnwiberthroughoutthelowReynoldsnumberrange
(seefig.lk(b))withlittleorno increaseinthemediumandhigh.
Reynoldsnuniberranges.

Theforwardcenter-of-pressuremovementofmodel1 withoutfins was
completely overcome,endthecenter-of-pressurepositionofmodelIAwas
stationarythroughouttheentiretestReynoldsnwber range;also,the
center-of-pressuremovementsofmodels2A snd3Awererearwardup to
Reynoldsnumbersofabout3 x 106,withno simficanteffectsdueto
furtherincreasesinReynoldsnumbers.In conjunctionwiththecharac-

(%)teristicsof C ~ ~ fortheseconfigurations,thevariationsin

(X/Z)w-B withincre~singReynoldsn~kr (seefig.Ik(b))werepositive
upto R= 2.95X 106 formodelIA andup to R = 5.55 x 106 for
models2A and3Awith no effects due to further increases in Reynolds
nmber.

The Cc resultspresentedinfigure13(c) again indicate the
characteristicsharprisein Cc withincreasingR inthelow R range.
Comparisonoffigures13(b)and13(c)suggeststhatthemutualchord-
forceinterferencesofbodyandfinsofmodels2 end3 exeofappreciable

● magnitudethroughoutmostofthetest R rsnge.Thisisevidencedby
thefactthatchangingfromthesmalLerto thelargerfinsnotonly

.
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increasedCc but SMO c~ed the relativemagnitudesof Cc with
varyingReynoldsnumber.Evidenceofthemagnitudeofthechord-force
interferencesofmodels1 andIA atReynoldsnumberslessthenabout
1.6x 106isindicatedinfiguxesI&(a)andlb(b).Althoughtheregion
of separatedflowsabouttheafterbodybecsmesmallerandexposedmore
ofthefinstothehigh-dynamic-pressurestream,(CC)~.B decreased
appreciabl.y.Thisindicatedthata decreaseinchordforceduetomutual
interferencewasevidentandthatthisdecreasewasmorethensufficient
to compensatefortheincreaseinthechordforceofthgfinsas R
increasedfrcm0.4x 106to about1.6x 106. Suchwasnotevidentfor
models2, 2A,3,and3A.

C~arativeEffectivenessofSmallandLargeFins

Presentedinfigure15 aretheincrementalnomal-forcecoefficients
ata= 0° basedupontheexposedareasoftwofinXXUUlS.Thesecoef-
ficientsare,therefore,a measureoftheeffactivenessofa particular
setof cruciformfinsinthepresenceof a particularbodyforwhichone
setoffinsliesh theplaneoftheangleofattack.

As expected,theseresultsindicatedthathigherfineffactiveness
wasobtainedwheneverlargerportionsoftheliftingfinpanelswere
outsideoftheregionoflow-dynamic-pressureflow. Thiswasevident
regardlessofwhetherthefineffectivenesswasincreasedby decreasing
themaximumdismeterofthebody,by increasingtheReynoldsnmber
throughoutthelowReynoldsnumberrange,orby enlargingthefins
(effectivenessofthelargefinswasabout1.8timesthatofthesmall
onesthroughoutthetestReynoldsnuiberrsmge). Also,thevariations
infineffectivenessdueto changesinbodyshapesweremuchlessfor
thelargerfinsthanforthesmaJJ.ones.

CONCLUSIONS

Theresultsof testsat a Machnumberof1.62d threebomb,or store,
shapeswithandwithouttwosetsofcrucifo?.mfinsindicatedthefollowing
conclusions:

(1)Forthoseconfigurationswithoutfinsforwhichresultswere
obtained,theeffectsof increasingtheangleofattacka outsidethe
lowang~-of-attackrmge wereto increaset~ changeinnormal-force
coefficientwithangleofattack~ andthechord-forcecoefficientCC
abovethosevaluesobtainedat a = Oo andto shiftthecenter-of-pressure
positionrearward;theangleofattackatwhichthesevariationstook
placewasdependentuponReynoldsnumber.

.

——

.

—
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. (2)Forthoseconfigurationswithoutfins,at a = 0°,theeffects
of increasingthetestReynoldsnmberwereto reducesignificsatly~,
to increaseCc,andto shiftthecenter-of-pressurepositionforward.
untiltheReynoldsnumberfortransitionwasreached,beyondwhichsmall
variationsin

%
sndcenter-of-pressurepositionwereevident.

(3) For t~ f-d cotii~atims theeffectsofangleofattackat
themajorityofthetestReynoldsnmberswereto increase~ and CC
abovethosevaluesat a = 0° andto shiftthecenter-of-pres&reposi-
tionrearwarduntilsomeintermediateangleofattackwasreached;at
thisangle,andathigheranglesofattack,thecenter-of-pressureposi-
tionsat allReynoldsnumberswereaboutthesameforeachfinned
configuration.

(4)Theeffectsof increasingReynoldsmmiberuponthemaJorityof
thefinnedconfigurationsat a = Oo wereto increaseCN& Untiltbe
Reynoldsn~ber fortransitionwasreached;athigherReynoldsnunibers
~atc%= 0° wasaboutconstant.

(5)~ effectsof ficreasfqReynoldsnumberupm thecenter-of-
pressurepositionofthefhned configurationsweredecreasedby
utilizingthelargefins.

(6) Thefineness-ratio-8.6 modelwith mall fins andall mdeh
withlargefinswerestaticaUystableat aid.singlesofattackandat. alltestReynoldsnumbersabouta typicalcenter-of-gravitylocation
assumedto lieat45percentoftheclosedbodylength.

.
(7)~ res~tsoftkse teststiicatethatit ispossibleto

designa supersonicbombconfigurationhavinga constant~ orcenter-
of-pressurepositionorbothforsnglesofattacknear0° andforReynolds
numbersoftheorderof 3 x 106andgreater.

LangleyAeronautical.Laboratory,
NationalAdviso~CommitteeforAeronautics,

~YFiel.d, Va.
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TAPLEI.-mMMARYQFmAsuREommDYNAmc ~IC3ATa=0°

2

2A

Model RSWOtisminber“~ % Center-of-pressurepositim

1(Nofins) 0.40x106 0.0341 0.250 0.19
1.65 .0333 .10
2.95 .0294 “ :$? o
5.55 .0315 .351 .03
7.65 .0310 .352 .04
9.70 .031J.----- .W

2 (No fins) 0.40 .0340 .U6 .14
1.65 .0342 .185 .W
2.95 .0300 .187 0
5.55 .0260 .205 -.15
7.65 .0252 .222 -.16
9.70 .0240 .229 -.17

3(Hofins) 0.40 .0350 .054 .07
1.65 .Oy?o .160 -.02
2.95 .0500 .lm -.11
5.53 .0245 .190 -.32
7.65 .02m .Zi8 -.31
9.70 .0232 .220 -.33

1 0.40 .0428 .275 .*
1.65 .0445 .33
2.95 .0447 .% :Z
5.55 .0448 .364 &
9.70 .0433 .37’2 .23
0.40 .Ozl .1P .40
1.65 .0658 .1% .46
2.95 .617 .225 .43
5.55 .0693 .233 .49
9.P .c&2 .265 .U

3 0.40 .0744 .055 .kg
1.65 .o@J .177 .%
2.95 .0870 .185
5.55 .m .227 :%’-
9.70 .w9 .283 .59

1 (withtramitiorl)0.40 .0435 .295 .33
1.65 .0340 .370 .14

2 (Withtrandtlon) 0.40 .0574 .149 .43
1.65 .WP .285 .k7

3(Withtransition)O.& .0822 .110 .W
1.65 .0928 .% .%

u 0.40 .0630 .32Q .W
1.65 .0613 .353 .48
2.95 .W7 .362 .53
5.55 .Om .*
7.65 .0697

.51
.387

9.P
.W

.Opo ---— .51

0.40 .0915 .108 .61
1.65 .102? .259
2.95 .lm .268 :$
5.55 .llk5 .2&2 .67
7.65 .=45 .311 .65
9.70 .n63 .= .66
0.40 .1430 .I_&2 .68
1.65 .1765 .269 .7
2.95 .1805 .285
5.55 .lm .*1
7.65

:Z
.1~ .355

9.-m
.n

.1~ .363 .72
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